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STATIC IQNGITUDINAL AERODYNAMIC CHARACTERISTICS OF A 

0.07-SCU MODEL OF A PROPOSED APOLU SPACECRAFT 

AT MACH NUMBERS OF 1.57 TO 4.63* 

By James R. Morgan and Roger H. Fournier 

SUMMARY 

An investigation has been conducted in the Langley Unitary Plan 
wind tunnel to determine the static aerodynamic characteristics of a 
0.07-scale model of a proposed A p o l l o  spacecraft. 
investigated consisted of the escape configuration with two lengths of 
escape tower support rods, the exit configuration (tower off), and the 
reentry configuration. 

The configurations 

The results of this investigation have shown that force and moment 
nonlinearities are caused by the escape tower (long and short) and that, 
at angles of attack near Oo, this condition results in an unstable escape 
configuration at a Mach number of 1.57. The flow over the escape tower 
was found to contain oscillations that could have a significant effect 
on the structural design of the spacecraft. The reentry configuration 
is stable to an angle of attack of 45O, but an unstable break in the 
pitching-moment curve results in aerodynamic trim occurring at an angle 
of attack of 75.5O. The maximum lift-drag ratio of the reentry con- 
figuration was -0.71 and occurred at an angle of attack of about 54O. 

INTRODUCTION 

The National Aeronautics and Space Administration has initiated 

As part of 
wind-tunnel investigations to determine the static longitudinal aero- 
dynamic characteristics of a proposed Apollo spacecraft. 
this program, tests were conducted in the Langley Unitary Plan wind 
tunnel on a 0.07-scale model of the spacecraft. Iongitudinal aero- 
dynamic characteristics were determined for the exit configuration with 
and without escape systems over a Mach number range from 1.57 to 2.87 



and over an angle-of-attack range f r o m  about -4' t o  18'. 
lengths were investigated f o r  the e x i t  model w i t h  escape system. The 
reentry configuration was tes ted  a t  a Mach number of 4.65 over an 
angle-of-attack range from about 0' t o  8 5 O .  
model are presented i n  reference 1. The r e su l t s  of th i s  investigation 
are presented herein w i t h  a minimum of analysis.  

Two tower 

Transonic r e su l t s  f o r  this  

COEFFICIENTS AND SYMBOLS 

The da ta  of this  investigation are presented about the system of 
axes shown i n  f igure 1. Moment coeff ic ients  are referred t o  a point 
located on the model center  l i n e  3.677 inches from the base of escape 
and ex i t  models ( f ig .  2) and 3.140 inches from the heat shield of the 
reentry model. The coeff ic ients  and symbols are defined as follows: 

Axial force 
ss 

axial-force coeff ic ient ,  

axial-force coeff ic ient  a t  a = 0' 

drag coefficient,  
qs  

L i f t  l i f t  coefficient,  - 
ss 

Normal force normal-force coeff ic ient ,  
qs 

slope of normal-force coef f ic ien t  curve a t  a = oO, per 
degree 

Pitching; moment pitching-moment coeff ic ient ,  
qSd 

slope of pitching-moment coef f ic ien t  curve a t  a = Oo, per 
degree 

0 pitching-moment coeff ic ient  a t  a = 0 

l i f t -d rag  r a t i o  

maximum diameter, 10.920 in .  

Mach number a -  - 
# 
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free-stream dynamic pressure, 

maximum cross-sectional area, 0.6504 sq f t  

angle of a t tack referred t o  model center l i n e  . 

Reynolds number 

0.7&, lb/sq f t  

f~e-s t i -?m s ta t ic  n-e y*Lsyu'Lb, e i i r ~ ~  l b / q  ft 

free-stream stagnation pressure, lb/sq in.  

model axes 

s t a b i l i t y  axes 

MODEL AND APPARATUS 

Details of the models tes ted  are given i n  figure 2. Photographs 
of the models are presented i n  figure 3. 

The model w a s  t es ted  w i t h  and without the escape system and i n  a 
reentry a t t i tude .  
f o r  the model with the escape system and the models w i t h  the escape 
system attached are referred t o  as the long- and short-tower configura- 
t ions.  
configuration and the model i n  the reentry a t t i t ude  i s  designated as 
the reentry configuration. 

Two lengths of tower support rods were investigated 

The model without the escape system i s  referred t o  as the e x i t  

The three tower support rods o f t h e  escape system formed, i n  cross 
section, an equ i l a t e ra l  t r iangle  whose base w a s  i n  the horizontal  plane 
and on the lower side of the model. (See f ig .  2.)  

The tests were conducted i n  the Langley Unitary Plan wind tunnel. 
This tunnel i s  a variable-pressure, continuous, return-flow type w i t h  
two tes t  sections 4 f e e t  square and approximately 7 f e e t  i n  length. 
asymmetric s l id ing  block nozzle provides a means t o  vary the Mach num- 
ber continuously f r o m  1.57 t o  2.87 i n  one t e s t  section and from 2.36 
t o  4.65 i n  the o ther  t e s t  section. 

An 

Forces and moments act ing on the model were measured by an in t e rna l  
strain-gage balance. 
model-sting combination attached t o  a remotely operated adjustable angle 
coupling connected t o  the tunnel central  support system. Pressure meas- 
urements a t  the base of the model were made w i t h  a pressure-sensitive 
e l e c t r i c a l  pickup. 

The model support system consisted of a balance- 
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1.57 
2.16 
2.87 
4.65 

. . . . . . .  ............ ... ... ......... 0 .  

.. .......... 0 .  0 . .  ... 

13.0 797 3.51 X lo6 
16.5 772 3.33 

84.4 528 4.59 
23.4 645 3.28 

a 

TESTS 

The escape and e x i t  model configurations were tes ted  through a 
Mach number range from 1.57 t o  2.87 and an angle-of-attack range from 
about -4O t o  180. 
ber of 4.65 over an angle-of-attack range from about Oo t o  850. T e s t  
conditions are summarized i n  the following table:  

The reentry configuration was tes ted  a t  a Mach num- 

I I I 

CORRECTIONS AND ACCURACY 

All angles of a t tack have been adjusted f o r  flow angular i ty  and 
s t ruc tura l  deflection of the sting-balance combination under load. The 
axial-force and drag coeff ic ients  presented are the t o t a l  values of the 
forces measured by the  balance and therefore have not been adjusted i n  
any way f o r  the pressure act ing a t  the base of the model. The maximum 
deviation of the loca l  Mach number i n  the region of the tunnel occupied 
by the  model i s  kO.015. The estimated accuracies of the angles of 
a t tack and the coeff ic ients ,  based on the balance ca l ibra t ion  and the 
repeatabi l i ty  of the data, are  within the following l i m i t s :  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f O . 1 0  
CN . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f0.01 
CA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f0 .01 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  fO.002 

PRESENTATION OF RESULTS 

The r e su l t s  of an investigation of the s t a t i c  s t a b i l i t y  charac- 
t e r i s t i c s  of a 0.07-scale model of a proposed Apollo spacecraft i n  the 
escape and e x i t  configurations a t  Mach numbers of 1.57, 2.16, and 2.87 
and i n  the reentry configuration a t  a Mach number of 4.65 are  presented 
i n  the following figures:  

L 
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Typical schlieren photographs . . . . . . . . . . . . . . . . . .  4 
Aerodynamic character is t ics :  

Longtower . . . . . . . . . . . . . . . . . . . . . . . . . .  5 
Short t ower .  . . . . . . . . . . . . . . . . . . . . . . . . .  6 
Exit  7 
Xeefitii7-. . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Summary of aerodynamic character is t ics  . . . . . . . . . . . . .  9 

DISCUSS ION 

The resu l t s  of t h i s  investigation were not analyzed extensively; 
however, it i s  pertinent t o  indicate br ie f ly  some of the s ign i f icant  
aerodynamic e f fec ts  shown by these data. 

The resu l t s  ( f igs .  5 and 6)  show tha t  the escape configurations 
(long and short  tower) a re  s t a t i c a l l y  s table  near an angle of a t tack 
of Oo at the t e s t  moment center except f o r  a Mach number of 1.57. 
i n s t a b i l i t y  of the escape configuration at  near Oo e x i s t s  
over a s m a l l  angle-of-attack range. These e f f ec t s  a t  a Mach number 
of 1.57 are a r e su l t  of the nonlinear character of the data. 

The 
M = 1.57 

A comparison of the r e su l t s  f o r  the long tower with those f o r  the 
short  tower shows t h a t  the pitching-moment character is t ics  and, t o  a 
l e s se r  degree, the normal-force character is t ics  are more nonlinear w i t h  
the long tower than with the short  tower. The nonl inear i t ies  involve 
a general  destabi l iz ing break i n  pitching moment a t  a l l  Mach numbers a t  
an angle of a t tack greater  than 70. 
Mach number (1.57) and a t  an angle of a t tack of about Oo, nonlinear 
breaks i n  the pitching-moment and normal-force curves develop with both 
the long and short  towers. The schlieren photographs ( f ig .  4) show a 
very complicated flow f i e l d  which contains extensive regions of sepa- 
ra ted flow enveloping the spacecraft and or iginat ing from the nozzles 
a t  the base of the escape rocket. 
t o  f ind  nonlinear s t a t i c  force and moment resu l t s .  To determine whether 
the flow over the system contained any osci l la t ion,  high-speed schlieren 
motion pictures were taken. The film indicated t h a t  flow osc i l la t ions  
exis ted not only f o r  the long tower for  which the la rges t  nonlinearity 
of s t a t i c  force and moment r e su l t s  developed but also f o r  the short- 
tower configuration. Flow osc i l la t ion  was most severe a t  angles of 
a t tack near 0' f o r  both tower lengths. It would appear then tha t  a 
serious s t ruc tu ra l  design problem may ex i s t .  Furthermore, an aerodynamic 

In addition, at  the lowest t e s t  

With such flow it i s  not surprising 
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problem may also e x i s t  because of the nonlinear charac te r i s t ics  of the 
force and moment resu l t s .  

The r e su l t s  f o r  the e x i t  configuration (tower o f f )  indicate 
( f ig .  7) l i nea r  force and moment charac te r i s t ics  throughout the angle- 
of-attack range and a s t a t i c a l l y  s table  configuration w i t h  a posit ive 
normal-force curve slope. It i s  t o  be noted tha t  discrete  values of 
pitching-moment coeff ic ients  e x i s t  (% # 0)  a t  an angle of a t tack of 0' 
at  Mach numbers of 1.57 and 2.87. 
figuration, Cmo = 0 would be expected. It appears, therefore, that 

some surface i r r egu la r i ty  of the model i s  introducing an asymmetry of 
normal-force and pitching-moment values at Mach numbers of 1.57 and 2.87. 

Because of the symmetry of t h i s  con- 

L 
1 
8 
1 
1 The reentry configuration which w a s  t es ted  only at  a Mach number 

of 4.65 i s  s t a t i c a l l y  s table  ( f ig .  8) and has a posit ive normal-force 
curve slope; however, because of the high values of axial-force coef- 
f ic ien t ,  the reentry configuration has a negative l i f t -curve slope 
( f ig .  8 (b) ) .  
of about 35O. 
an angle of a t tack of about 54'. 
a positive value of l i f t -d rag  rat io ,  f l ight a t  negative angles of a t tack 
would be required. 

The maximum l i f t  coeff ic ient  occurs at an angle of a t tack 
The maximum l i f t -d rag  r a t i o  i s  about -0.71 and occurs a t  

It should be noted tha t ,  t o  achieve 

, 
An unstable break develops i n  the pitching-moment curve f o r  the 

reentry configuration at angles of a t tack greater  than about 40'. 
angles of a t tack greater  than about 45O the model i s  unstable and a trim 
condition e x i s t s  a t  an angle of a t tack of 75.5O. 
noted t h a t  cl,, # 0 as would be expected. As mentioned before, t h i s  
r e su l t  i s  probably due t o  some surface i r r egu la r i ty  of the model. 

A t  
c 

It i s  again t o  be 

CONCLUDING REMARKS 

The r e su l t s  of t h i s  investigation have shown t h a t  force and moment 
nonlinearit ies are  caused by the escape tower (long and short)  and that  
a t  angles of at tack around 0' t h i s  condition r e s u l t s  i n  an unstable 
escape configuration a t  a Mach number of 1.57. The flow over the escape 
tower was found t o  contain osc i l la t ions  t h a t  could have a s igni f icant  
e f f ec t  on the s t ruc tu ra l  design of the spacecraft .  The reentry con- 
figuration i s  s table  t o  an angle of a t tack  of about k?', but an unstable 
break i n  the pitching-moment curve r e su l t s  i n  aerodynamic t r i m  occurring 
a t  an angle of a t tack of 75.5O. The maximum l i f t -d rag  r a t i o  of the 



reentry configuration was -0.71 and occurred at an angle of attack 
of about 54O. 

Langley Research Center, 
National Aeronautics and Space Administration, 

L9,ngley Air Force Base, Va., August 3, 1961. 
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Figure 3.- Typical model photographs. L-61-4887 
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Figure 4. - Typical sch l ie ren  photographs. 
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0 = - 2 . 1 0  a = -2.60 

0 z 3.50 
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(I = 3.5" 

Long t o w e r  
M 2.16 

(a) Continued. 

Figure 4. - Continued. 
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(b) Exit configuration. 

Figure 4. - Continued. 
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Figure 7.- Longitudinal aerodynamic characteristics of the exit 
configuration. 
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Figure 9. - Summary of the longitudinal aerodynamic characteristics of the 
escape and exit configurations. 
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